Because of the unusual nature of these lesions and severity of clinical disease conditions, additional specimens from the farm were requested. Tissues from 3 more weanling pigs and
Porcine reproductive and respiratory syndrome (PRRS) is caused by an enveloped RNA virus, tentatively classified in the proposed family Arteriviridae. 3, 12 PRRS virus (PRRSV) was first isolated in 1991; 21, 23 however, serologic evidence suggests that PRRSV infection occurred in the United States as early as 1985. 24 Two clinical presentations of PRRS have been described, the reproductive and the respiratory syndromes. The reproductive syndrome is characterized by anorexia, increased late-term abortions, increased numbers of stillborn pigs, mummified fetuses, weak live-born piglets, increased preweaning mortality, and delayed return to estrus. 2, 9, 11, 19, 25 The respiratory syndrome is characterized by pronounced tachypnea, dyspnea, and fever in young pigs. [6] [7] [8] [16] [17] [18] Secondary or concurrent infections are often present and sometimes complicate clinical signs and lesions typical of PRRS. 20, 25 Three live nursing pigs, 1 dead weanling pig, tissues from a weanling pig, and tissues from an adult sow from a 200sow farrow-to-finish swine herd located in northwest Iowa were submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL). The farm was experiencing high morbidity (85%) and mortality (12%) with nervous and respiratory signs in the nursing and weanling pigs. Nervous signs were characterized by ataxia, posterior paresis, or convulsion. Fourteen sows had experienced high fevers (405 41.5 C) and anorexia. One sow died, but no abortions were observed. Antibiotic therapy did not alter the course of the disease.
At necropsy, no gross lesions were observed except for reddish consolidation of approximately 10% of the anterioventral portions of the lungs in 1 pig. Likewise, no significant gross lesions were seen in the tissues submitted from the sow. Results of experimental studies indicate that PRRSV infection is a multisystemic disease characterized initially by viremia with subsequent virus distribution and replication in multiple organs, causing interstitial pneumonia, lymphadenopathy, myocarditis, and encephalitis. [5] [6] [7] [8] 16, 18 Nervous signs are uncommonly reported and are described as incoordination, paresis, splay-leggedness, and tremors in young pigs. Characteristic PRRSV-induced central nervous system (CNS) lesions include encephalitis with lymphohistiocytic perivascular cuffing, gliosis, and less often mild vasculitis. 2, [6] [7] [8] [16] [17] [18] Results from experimental inoculations suggest that some strains of PRRSV are more likely to induce encephalitis than are other strains. 8 PRRSV has been inconsistently isolated from brain tissues of experimentally infected pigs. 6, 7, 16, 18 However PRRSV antigen detection in CNS tissues has previously been unsuccessful except in 1 experiment where focal specific staining for PRRSV antigen was observed in macrophages of the choroid plexus of experimentally infected gnotobiotic pigs. 17 Cerebral glial cells replicate PRRSV in vitro . 13 PRRSV antigen has been demonstrated in macrophages in various tissues, including lung, lymph nodes, tonsil, heart, thymus, spleen, Peyer's patches, liver, kidney, and adrenal gland. [4] [5] [6] [7] [8] Other cells in which virus antigen was detected include bronchial epithelial cells, arteriolar endothelial cells in the heart and in the lung, and dendritic cells in the lymphoid tissues. 7, 17 The purpose of this report is to describe an outbreak of PRRS in which CNS signs were prominent and from which PRRSV was isolated and PRRSV antigen readily demonstrated by immunohistochemistry in brain tissue.
Histologically, mild to marked lymphohistiocytic perivascular cuffing and multifocal gliosis were observed throughout all brain sections of all 3 nursing pigs. There was also mild lymphohistiocytic infiltration in the myocardium of 2 pigs. Mild mucopurulent bronchopneumonia and neutrophilic infiltration in the glandular epithelium of the nasal turbinate was observed in 1 pig.
Histologic examination of the tissues from the weanling pigs demonstrated marked lymphohistiocytic encephalitis with gliosis and severe necrotizing vasculitis. The predominant inflammatory cells were mononuclear cells and lesser numbers of necrotic neutrophils. The lesions occurred in the cerebrum, brain stem, and cerebellum. Extensive lymphoid follicular necrosis was observed in the tonsil and mesenteric lymph nodes. There were no remarkable lesions in the lung.
The lungs from the sow were congested, and mild lymphohistiocytic infiltrates were observed in vessel walls of the small arteries of the lung. There were scattered lymphoplasmacytic perivascular and periglomerular infiltrates in the kidney. No brain tissue was received from the sow. No significant bacteria were isolated from lung, spleen, kidney, livers, intestines, lymph nodes, or brain. PRRSV was isolated as previously described 6 from brain, lung, or tonsil from all pigs. PRRSV was also isolated from 2 of 3 serum samples from the live nursing pigs. All 3 serum samples were positive for PRRSV antibodies by the indirect fluorescent antibody technique (IFA). The tissues were also tested for the presence of other viruses by isolation procedures for African swine fever virus (ASFV), pseudorabies virus (PRV), encephalomyocarditis virus (EMCV), hog cholera virus (HCV), porcine paramyxovirus (PPMV), and hemagglutinating encephalomyelitis virus (HEV) at the National Veterinary Services Laboratories (NVSL) in Ames, Iowa. No evidence of viruses other than PRRSV was detected. serum samples from 6 sows were received. As in the previous submissions, these pigs exhibited severe lymphohistiocytic encephalitis with marked necrotizing vasculitis. PRRSV was also isolated from lung, brain, and tonsil pools and from 4 of 6 sow sera. Direct fluorescent antibody examination of the tonsil and virus isolation attempts from the brain, lung, lymph node, and spleen did not demonstrate the presence of PRV. The sera were tested for the presence of antibodies to ASFV, PRV, EMCV, HCV, and HEV at NVSL, and all were negative. Likewise, no significant bacteria were isolated from the lung, brain, kidney, spleen, or liver. Twelve additional sera from sows examined 1 month after the outbreak all had IFA titers of > 1:20 to PRRSV.
Immunohistochemical evaluation for PRRSV antigen was done as previously described. 4, 5, 7 Positive staining for PRRSV antigen was demonstrated in the brain, lung, tonsil, and lymph node sections from 2 of 3 live nursing pigs and from the weanling pig tissues. Specific staining for PRRSV antigen was also found in the lung, tonsil, lymph node, and heart sections of the other pigs. Specific staining in the brain was characterized by brown granular cytoplasmic staining of microglialike cells and similar staining of perivascular and intramural mononuclear cells of small arteries and capillaries throughout the brain (Fig. 1 ). PRRSV antigen staining was occasionally seen in meningeal macrophages. In tonsil and lymph node sections, specific cytoplasmic staining of macrophages was observed in necrotic lymphoid follicles. Likewise, diffuse cytoplasmic staining was seen in the alveolar and interstitial macrophages of the lung and in perivascular mononuclear cells of the heart.
A retrospective survey of archived paraffin-embedded blocks was done to determine the incidence of brain lesions and the presence of PRRSV antigen in field cases of PRRS. Microscopic brain lesions were found in 49 of 105 (46.7%) cases of PRRS submitted to the ISU-VDL from April 1992 to June 1993. Infection was confirmed by virus isolation from sera, lung, brain, or tonsil. Lesions such as meningitis, encephalitis, and meningoencephalitis with or without vasculitis were present. The most consistent lesion was mild lymphohistiocytic encephalitis with perivascular pleocellular cuffing and gliosis. Severe necrotizing cerebral vasculitis was observed only in the outbreak of PRRS in nursing and weanling pigs described here. Suppurative exudate was seen in cases of meningitis and meningoencephalitis in which Streptococcus suis or Haemophilus parasuis were usually demonstrated by cultures. No evidence of neuronal necrosis or neuronophagia was seen in the PRRS field cases.
We were unable to demonstrate PRRSV antigen in brain sections of 104/105 of the cases in the retrospective study. The 1 positive case was that in the herd described here. Differences in tissue nosopoietic characteristics of PRRSV isolates may be responsible for the severity and distribution of PRRSV-induced lesions. 6, 7, 8 Significantly more PRRSV antigen was demonstrated in the lung, lymph node, and tonsil of the high-virulence-strain-infected pigs than in the same tissues of the low-virulence-strain-infected pigs. 7 The strain in this report may be better able than other strains to replicate in the CNS, allowing this virus to induce CNS signs rather than respiratory or reproductive diseases.
In cases of respiratory and CNS diseases in pigs, diagnosticians must consider several viral diseases, including EMCV, ASFV, HCV, PRV, HEV, and PPMV, as differential diagnoses. Virus isolation and serologic tests may be required to differentiate PRRSV from other viruses that induce enceph-alitis in pigs. EMCV can induce nonsuppurative encephalitis and myocarditis in young pigs and reproductive failure in sows, which may mimic PRRSV infection. 10 Vascular cuffs in the brain in ASFV-infected pigs contain abundant necrotic debris. 15 Proliferation and focal necrosis of vascular endothelium and microgliosis can be observed in the brain of most HCV-infected pigs. 22 Neuronal necrosis and neuronophagia are often found in cases of PRV and HEV infection. Such necrotizing encephalitis, proliferation of vascular endothelium, or neuronal necrosis has not been a feature of PRRSV encephalitis. PPMV can cause interstitial pneumonia and encephalitis in young pigs that may mimic PRRSV lesions; however, necrosis and regeneration of bronchiolar epithelium is a microscopic lung lesion typical of PPMV infection of pigs. 14 PRRSV generally does not induce bronchiolitis. PRRSV-induced arteritis has recently been reported in umbilical cords, 11 lung, heart, and kidney of porcine fetuses infected with PRRSV. 19 No evidence of concurrent bacterial disease was found in this herd. No Streptococcus suis, H. parasuis, Salmonella cholerasuis, or Escherichia coli were recovered from the tissues of untreated pigs. Streptococcus suis and H. parasuis commonly induce fibrinosuppurative meningitis, which was not observed in this case. Endemic PRRSV infection associated with Salmonella cholerasuis caused segmental vasculitis with perivascular necrosis and abscesses in the leptomeninges and brain in the nursing pigs. 20 Edema disease and cerebrospinal angiopathy that occur a few weeks following weaning are characterized by vascular fibrinoid necrosis of small arteries and arterioles. 1 Water deprivation was considered a differential diagnosis in this case; however, increased numbers of eosinophils infiltrating the meninges and perivascular spaces in the brain, which is characteristic of salt poisoning, were not observed.
Severe lymphohistiocytic encephalitis with severe vasculitis was remarkable in pigs from a 200-sow farrow-to-finish swine herd that experienced CNS disease in nursing and weanling pigs. PRRSV antigen was associated with neurovascular lesions by demonstration of cytoplasmic staining in microglia-like cells, in mononuclear cells within the wall of cerebral arteries, and in perivascular and meningeal mononuclear cells of brain sections of 4 pigs by a labeled streptavidin-biotin (LSAB) immunoperoxidase technique. PRRSV was isolated from several tissues of the affected pigs. PRRSV was the most likely cause of the encephalitis with necrotizing vasculitis, which resulted in the CNS disease observed in these pigs. This manifestation of PRRS is unusual both in terms of clinical diseases and microscopic lesions. The isolate of PRRSV from these pigs may be unusual in its ability to replicate in the CNS and induce nervous signs. Further pathogenicity studies and molecular analysis of this isolate should be done. PRRSV should be considered a potential cause of CNS disease in growing pigs.
ical immunohistochemical detection and localization of porcine reproductive and respiratory syndrome virus in gnotobiotic pigs. Vet Pathol 33:551-556. 18. Rossow KD, Collins JE, Goyal SM, et al.: 1995 Actinobacillus pleuropneumoniae is a primary cause of swine pleuropneumonia, a severe and contagious disease that causes important economical losses. 18 Using various serologic methods and polyclonal antibodies, A. pleuropneumoniae can be grouped into 12 NAD-dependant serotypes; serotypes 1 and 5 represent most isolates recovered from acute cases of pleuropneumonia in North America. 4,15 Several techniques have been described for the serologic characterization of A. pleuropneumoniae, such as tube and slide agglutination, ring and slide precipitation, counterimmunoelectrophoresis, indirect hemagglutination, coagglutination, immunodiffusion, and immunofluorescence. 15,21 Inconsistent results, however, are sometimes found in serotyping of isolates because antigens or antisera used in these assays have not been well characterized. A common problem in the serologic classification of A. pleuropneumoniae has been the reactivity of some isolates with more than 1 of the polyclonal serotypespecific antisera. 8 In particular, cross-reactions have been observed among serotypes 3, 6, and 8, among serotypes 1, 9, and 11, and between serotypes 4 and 7. 13, 14, 16, 20 Thus, the need for adsorption of sera complicates the precise identification of the serotype involved. In addition, some Haemophilus parasuis and Actinobacillus suis strains may present cross-reactions with A. pleuropneumoniae. 6, 13 The use of serotype-specific monoclonal antibodies (MAbs) could help overcome these problems. In addition, MAbs may be used for a more precise characterization of antigens involved in From Groupe de Recherche sur les Maladies Infectieuses du Port, Département de pathologie et microbiologic, Faculté de médecine vétérinaire, Université de Montreal, CP 5000, Saint-Hyacinthe, PQ J2S 7C6, Canada.
Received for publication October 14, 1996. the classification of A. pleuropneumoniae. Previous reports mentioned the characterization of A. pleuropneumoniae MAbs, but few data are available on the specificity and sensitivity of these MAbs when testing a large number of field isolates. 5, 12 The aim of this study is to report the production and characterization of type-specific MAbs for the serotyping of A. pleuropneumoniae serotypes 1 and 5 field strains. A field strain of A. pleuropneumoniae of serotype 1, FMV87-682, and the reference strain 81-750 and field strain 91-178-2005 of serotype 5b were used for the production of MAbs in different fusions. The strain FMV87-682 was selected because it did not react with the serotype-specific MAb 1.5 C5 F4 (Table 1) ; 11 this MAb was also included in this study. Strain 91-178-2005 was chosen because it failed to react with the MAb 4.4C6.F7 (Table 1) . Reference strains of serotypes 1-12 used for the selection of hybriodomas were obtained from a stock culture collection. MAbs were produced by immunizing Balb/c mice intraperitoneally with formalinized whole cell antigen (WCA) prepared as previously described. 11 The spleen-cells were fused with the SP2/O-Ag 14 or NSI/ I-Ag-4-1 myeloma cells using polyethylene glycol 1500. a The screening was carried out by an indirect enzyme-linked immunosorbent assay (IELISA) as previously described 11 using WCA of the homologous strains. Selected hybridomas were cloned, and the immunoglobulin classes were identified with an antibody isotyping kit. a Selected MAbs were tested by iELISA for their specificity to serotypes 1 or 5 using the WCA of the reference strains of all 12 serotypes. Epitopes recognized by each of the selected serotype-specific MAbs were studied by testing their reactivity with different antigens in ELISA and immunoblot. 6 Different antigens consisted of WCA and O-chain lipopolysaccharide (LPS), purified as previously described. 7 In addition, for serotype 5, purified capsular polysaccharidel was used. Serotype 5 strains 545 and
